The increase of power demand has increased the need for transmitting huge amount of power over long distances. Large transmission lines configurations with high voltage and current levels generate large values of electric and magnetic fields stresses which affect the humanbeing and the nearby objects located at ground surfaces. This has in turn prompted increased activity in the documentation of calculation techniques to accurately predict field strengths in isolated conducting bodies coupled to lines of all voltages and design configurations.
INTRODUCTION
Magnetic and electric fields are a phenomenon that is found in the area immediately surrounding all electric power transmission and distribution lines, electrical wiring in homes and such common every day appliances.
The electromagnetic environment typically consists of two components, an electric field and a magnetic field. In general for time-varying fields, these two fields are coupled but in the limit of unchanging fields, they become independent. For frequencies encountered in electric-power transmission and distribution, these two fields can be considered independent to an excellent approximation [1] .
• Magnetic fields (B) arise from the motion of electric charges. A magnetic field is only produced once the device is switched on and current flows. Magnetic field lines run in circles around the conductor (i.e. produces magnetic induction on objects and induced currents inside human and animal (or any other conducting) bodies causing possible health effects and a
The Conductor Height
Keeping all the parameters the same and the only variable is the conductor height. To reduce the magnetic field levels is by increasing the conductor height but it has the disadvantage of increased height of line tower and its cost.
Line Shielding
Line shielding in transmission line runs in parallel to the phase conductors. Line shielding is always used to mitigate the magnetic field. There are several techniques for line shielding (Passive, Active, and combined shielding). The passive shielding depends on current induced in the transmission line. This induced current generating a magnetic field. This magnetic field encounters or partially cancels the original magnetic field from phase conductor. The active shield is used to approximately cancel the dipole component of the source fields. The combining active and passive shielding techniques can produce results which are superior to either of the above mentioned technique when used alone [2] .
Line Configuration and Compaction
Line compaction means that, bringing the conductors close together keeping the minimum (safe) phase-to-phase spacing constant. Compact high voltage lines allow transmission of equivalent amounts of power to conventionally designed lines of the same voltage, using less space than the conventionally designed lines [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Keeping all the parameters the same and the only variable is the phase-to-phase spacing. The magnetic field is proportional to the dimensions of the phase-to-phase spacing.
Other studies showed that, increasing the distance between phases by increasing the height of the central phase conductor above the level of the other phase conductors leads to the reduction of the peak value of the magnetic field [18] .
Reducing the phase-to-phase distance, leads to the decrease of the magnetic field. This reduction between phases is limited by the electrical insulation level between phases.
a. For single circuit lines, compaction causes a great reduction to the maximum magnetic field values. This reduction of magnetic field allows for lower conductor heights above the ground. This leads to transmit the same power on shorter towers. This gives a great reduction of the tower cost [18] .
b. For double circuit lines, some studies showed that, the use of optimum phase arrangement causes a drastic reduction to the maximum magnetic field values for both conventional and compact lines i.e. with vertical conductor configurations arranged in ABC/CBA phase order [19, 20] .
EMPLOYED MAGNETIC FIELD COMPUTA-TIONAL MODEL
For the purpose of calculating the magnetic field in this work, a three-dimension technique (3D) is used. The 3D technique is based on the Biot-Savrt law and the segment model in which the line conductor (or catenary) is simulated as connected straight line segments (or current sticks) [24] [25] [26] [27] .
The Biot-Savrt law can be used to calculate the magnetic field at an arbitrary observer position (point P) associated with a current segment having an arbitrary location. The current segment is showing in Fig. (1) which is represented by a vector a. The current is assumed to be uniformly distributed along the current segment.
According to the Biot-Savart law in its general form, the magnetic field at point (P) is given by;
where r r is the position vector of the current segment (a), r is the position vector of the observer point (P), J r is the current density in the current segment and rr Z r is the direction vector between the segment (a) and point (P), H r is the magnetic field strength and B v is the magnetic field density. Integrating the Biot-Savart law over the current segment, the 
....( 3 )
And the magnetic flux density due to the nth current segment is given by: 
Where, i, j and k are the unit vectors in the X, Y, Z directions, respectively. And B x (n), B y (n) and B z (n) are the components of the magnetic flux densities in the X, Y, Z directions, respectively, due to the nth current segment.
For N current conductors, the total flux density in the coordinates (x, y, and z) at observation point are:
The total instantaneous magnitude of the magnetic field (b t ) at a point in space is:
CASES UNDER STUDIES
A comparison between magnetic fields levels at mid-span in lateral direction of a 500 kV line for different configurations with the same line loading is carried out. The comparision between the magnetic field levels at the centeral phase of the line and the edge of the conventional right-of-way is also presented and discussed.
All magnetic field values, in the present study, are evaluated for a line current of 1 kA (i.e. in μT/kA). Power transmission line of 500 kV with horizontal configuration, normal delta, inverted delta, compact normal delta and compact inverted delta configurations are considered. The main information data related to the considered power lines are as shown in Figs. (2 and 3) . The minimum clearance to ground at the mid-span is 12 m, and the right-of-way (ROW) is at 25 m from the center line of the tower at both sides of the line. The magnetic field values are calculated at 1 m above ground level. No simulation is made for the tower steel structure and accordingly, some error is expected for the magnetic fields calculated near line towers.
For the purpose of the work in this paper, the following cases of studies are considered and carried out: 
Inverted Delta Configuration
To study the effect of the conversion of the transmission line three phases conductors from, conventional flat configuration to Inverted Delta configuration, on the resultant magnetic fields around and near the transmission line. Firstly, and for accurate calculation and analysis of the produced magnetic field, calculation of the different magnetic field components B x , B y , B z and the total resultant magnetic field B total , is carried out at the mid-span position, with the conductors of the three phases are at suspension points of 22 m height from the ground, for normal flat configuration, (for the Egyptian conventional 500 kV power transmission line) as can be seen in Fig. (2) .
Secondly, the calculation of the different magnetic field components B X , B Y , B Z and B total at the mid span positions, with taking the effects of shifting up the suspension points of the two outer phases conductors by, 2 m steps, for the reason of studying the effects of the conversion of the line conductors configuration to inverted normal delta configuration, for 500 kV power line, is carried out as shown in Fig. (3) . It can be noticed that the range of the maximum value varies and reaches a very high value compared with that, of the conventional flat configuration, at the case when shifting up the conductors of outer two phases to 32 m height from the ground. While the others maximum values for the other heights are small compared with that, of the flat configuration case. This is because the distances between the central phase and the outer two phases are getting larger. So, the cancellation effect is very small. It can be noticed that the range of the maximum value varies and reaches a very high value, compared with that, of the conventional flat configuration, at the position of shifting up the outer phases conductors up to 32 m height, while the other values are still small compared to that of the flat configuration and this is again, because of the larger distances between the center phase and the two outer phases. So, the cancellation effect is very small. Also, it can be noticed that the value of the field Y-component is maximum in the area under the center of the T.L., as the outer phases are shifting up, as their cancellation effect on magnetic field produced by the central phase become less (very low). Meanwhile as gating more faraway from this area the magnetic field will decreases.
Also, the results for the Z-components of the magnetic field lateral profiles are obtained, for the same case of study, for different configurations. It is noticed that the maximum values of the Z-components are nearly constant because there is no changing in the Z-directions and their values are small in magnitudes compared with that of the X and Ycomponents. the positions of the maximum values, for all the other considered cases, produced under the central phase conductors. Table 2 shows the maximum magnetic field values at central phase conductor (C.P.C) and at ROW positions and its percentage w.r.t. the normal conventional base case (i.e. flat configuration) for Inverted Delta configuration. Table 2 and Fig. (7) present the maximum magnetic field (B total ) values w.r.t the base case values, with its percentage of the value of the conventional base flat case, of 500 kV power transmission line with inverted delta configuration.
It can be noticed that, with increasing the shift up of the conductors of two outer phases, from the ground, converting the line configuration from, conventional flat to inverted delta configuration, the higher maximum magnetic field (B total ) values are obtained, at both of, under the central phase conductor (C.P.C) and at the ROW positions. The increase of the resultant magnetic fields reaches a value of around 8.15 % at ROW, when the outer phases are shifted up by 8 m; this is because the distances between the central phase and the outer two phases become larger. So, the cancellation effect is very small. Magnetic field lateral profiles for 500 kV line at mid span for inverted delta configurations
Normal Delta Configuration
To study the effect of the conversion of the transmission line three phases conductors' configuration, from normal conventional flat configuration to normal Delta configuration, on the resultant and produced magnetic fields around and near the transmission line, many cases of study are carried. In these cases of the study, calculation of the different magnetic field components B X , B Y , B Z and B total , at the midspan position, are carried out, taking the effects of shifting up the suspension point of the middle central phase conductors in, 2 m steps, up to the height of 32 m from the ground, starting from the case of normal flat configuration with 22 m suspension points height, for all three phases, from the ground, converting for normal delta configuration, with minimum clearance of 12 m from the ground, for 500 kV power transmission line as shown in Fig. (8) . It can be noticed that the range of the maximum (B) values varies and the higher value is obtained at the conventional flat configuration. Any shift up, of the central phase conductors increases the effects of the field cancellation factors and reduces the obtained maximum field values. Table 3 presents the different maximum Magnetic field (B total ) values and it position with respect to the central phased conductors (C.P.C.) for the different considered and studied cases of (normal delta) configurations. Table 4 and Fig. (10) present the maximum magnetic field (B total ) values, for normal delta configurations, and its percentage w.r.t. the base case (conventional flat horizontal configuration) value of the 500 kV power transmission line.
It can be noticed that, with increasing the shift up of the central phase conductors from the ground, the lower maximum magnetic field (B total ) values, are obtained at central phase conductor (C.P.C) position. This reduction reaches a value of around16.2 %, by shifting the central phase by 8 m up. On the other hand, it causes higher magnetic field values at the ROW position as the central phase conductor is getting higher, with 2.6 % for the same case.
Compact Delta Configurations Cases and Results
Line compaction means that, bringing the conductors of the three phase line close together, with keeping the minimum safe phase-to-phase spacing constant between phases. High voltage compact lines allow transmission of the same equivalent amounts of electrical power by the conventionally designed lines of the same voltage, while taking up and occupying less space than the conventionally designed lines. A conventional 500 kV power transmission line is considered Fig. (9) . The Magnetic field Lateral profiles at the Mid-span position for normal Delta configuration, with 2 m, steps shift up. This section presents the results obtained for normal conventional flat configuration of 500 kV power transmission line (Reference base case) compared with that of the line with compact normal delta and compact inverted delta configurations (i.e. with keeping the distances between the central phase and the two outer phases, constant, at the safe distance of 13.2 m), and with minimum clearance of 12 m from the ground. The following results are obtained for the case of compact Inverted Delta, with keeping the suspension point of the central phase conductors at 22 m height from the ground, while shifting the outer two phases conductors up, with 2 m steps, on a circle curve (with the central phase is its center), as shown and simulated in Fig. (11) . This is, to keep its distances from the central phase constant at 13.2 m, while the outer phases become closer to each other and the distance between them becomes less, but not less than the safe distance. So the tower and the line conductors' configuration become more compact with the saving of the land strip along the transmission line extension. It can be noted that, the higher the outer phases conductors from the ground, the higher the magnetic field (B total ) values are obtained, and this is because of the central phase conductor is still alone close to ground and the field cancel- 
Compact Inverted Delta Configuration
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The Open Environmental Engineering Journal, 2009, Volume 2 59 lation factor effect of the two outer phases conductors becomes small, so higher magnetic field values are obtained. Table 5 and Fig. (13) present the obtained maximum magnetic field (B total ) values at, the central phase conductor (C P C) and at the ROW positions, for the compact inverted delta configuration, and its percentage w.r.t. the conventional base case of (the flat horizontal configuration) value, for the 500 kV power transmission line. The following results are obtained for the case under study of the normal Compact Delta, as shown in Fig. (14) .
Compact Normal Delta Configuration
The results obtained for the different considered cases of the study are shown in Fig. (15) .
It can be noted that as the higher the central phase conductors the lower are the magnetic field values. This is because of, with shifting up the central phase conductors on a vertical line, with moving the two outer phase conductors to become closer to each other, and at a constant distance from the central phase, which increases the effects of the field cancellation factor. So, the lower magnetic field values are obtained. Fig. (13) . The maximum magnetic field values for (compact inverted delta) at central phase conductor (C.P.C) and at ROW w.r.t. the Base Case (Flat horizontal configuration). It can be noticed that increasing the shift up of the central phase conductors from the ground, lower maximum magnetic field values are obtained, at both of the central phase conductor (C.P.C) and at the ROW positions, with a reduction of 16.3 % and 20.3 %, respectively for 8 m shift up case. This is because of the effect of the cancellation factor.
The Cases of Full Compaction
The full compaction means, keeping the spacing between all three phases, constant at the safe distance of 13.2 m. Table 7 shows the magnetic field components and total values at different lateral distances, from the central line positions of the power transmission line, with normal conventional configuration.
From Table 7 , Table 8 and Fig. (13) , it can be seen that, for the full compact inverted delta configuration (Inv.Delta), compared with the conventional flat case, there is a reduction of the magnetic field values, in the area covering the distance from under the central phase conductor (CPC) position up to the ROW position. The average of this reduction in the magnetic field values is around 14.6 %. There is an increase of the magnetic field values beyond the ROW position, com- The result of the reduction of the produced magnetic fields, in the case of full compaction case, as can be seen from Table 8 compared with those of Table 7 , will result in obtaining a big saving of the land around the power transmission line.
It can be seen from Table 7 , Table 9 and Fig. (17) that, the resultant magnetic fields produced with the full compact inverted delta configuration, are lower than those produced from the conventional flat line configuration, with a reduction of around 31.9%. Also, from a comparison of the results on Tables 7 and 9, it can be noticed that, the maximum produced magnetic field value at the ROW position, (at 25 m from the center line), for the case of the normal conventional flat line, is 7.492 uT/KA. This value is obtained at a distance of (between 15 m and 16 m), for the case of full compaction inverted delta configuration, with a reduction of around 36 %.
This means that, there is a big saving of the land around and along the transmission line, which can be obtained by using the full compaction delta configuration.
CONCLUSIONS
From the results obtained for the different cases of studies, the following conclusions are obtained: 1) -For inverted delta configurations, the maximum magnetic field value are obtained, with the outer two phases are at the height level of 32 m and 34 m from the ground. While the positions of the maximum values, for all the considered cases remain directly, under the central phase conductors.
2) -For normal delta configuration, the maximum (B) values varies and the higher value is obtained at the case of flat configuration. With any shift up, of the central phase conductors, will increase the effects of the field cancellation factors and then reduced the maximum values.
3) -For compact inverted delta configuration (with shifting up the outer phases conductors with keeping them moving on circle curve), as higher outer phases conductors from the ground, the higher of the magnetic field (B) values are obtained under the central line. So, a saving of the land around the power transmission line can be obtained.
6) -For full compact normal delta configuration, (with constant safe distance between the three phases), the resultant magnetic fields produced with the full compact inverted delta configuration, are lower than that produced from the conventional flat line configuration, with a reduction of around 31.9%. This means that, there is a big saving of the land around and along the transmission line, which can be obtained by using the full compaction delta configuration.
